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Section  I 
INTRODUCTION 


The  importance  of  dynamic  transverse  side  forces  in  the  design  of 
Small  Waterplane  Area  Twin  Hull  (SWATH)  ships  has  been  recognized  for 
several  years.  Algoritlims  for  predicting  these  loads  have  been  developed 
at  DTNSRDC  by  combining  theoretical  analysis  with  limited  model  test 
data.  However,  the  effect  of  these  predicted  side  loads  on  the  struc- 
ture of  representative  SWATH  configurations  has  not  been  investigated. 
This  study  is  intended  to  partially  fill  that  void. 

Section  2 of  this  report  details  the  approach  adopted  to  investigate 
the  problem  including  details  of  the  hull  forms  studied.  Section  3 
contains  the  results  of  the  study.  Conclusions  derived  from  the  study 
are  discussed  In  Section  4. 

This  work  was  completed  as  part  of  the  NAVSEC  SWATH  effort  funded 
by  NAVSEA  Work  Request  WR9G105.  NAVSEC  JON  329MP01  was  assigned  to  the 
task . 
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Section  2 
APPROACH 


The  approach  adopted  for  this  study  was  to  calculate  the  primary 
structural  weight  of  representative  SWATH  configurations  as  a function 
of  side  force.  Primary  structure  Includes  shell  plating,  stiffeners, 
bulkheads,  decks,  platforms,  and  inner  bottom.  The  maximum  side  force 
considered  was  twice  the  displacement  of  each  configuration.  The  struc- 
tural weight  calculations  were  made  with  a computer  program  developed 
for  the  purpose  by  combining  subroutines  WTPKI , SSS11,  SSS18 , and  AREO 
from  NAVSEC's  SWATH  Synthesis  Model. 


Several  Important  assumptions  are  made  in  the  program.  First, 
center  wells  in  the  box  or  cross-structure  have  been  excluded  from  all 
configurations.  While  wells  may  be  desirable  for  some  potential  missions, 
a general  design  approach  for  wells  in  SWATH  structures  has  not  been 
developed. 

The  second  assumption  is  that  only  the  box  structure  directly  above 
the  struts  is  effective  in  resisting  transverse  bending  loads.  Improvement 
on  this  assumption  will  require  detailed  examination  of  stress  flow  In 
box  and  struts  of  representative  SWATH  structures. 

Third,  all  strut  shell  structure  has  been  assumed  to  be  effective 
In  bending.  In  particular,  end  effects  associated  with  box/strut  tran- 
sition have  been  Ignored.  More  detailed  analysis  of  these  problems  will 
be  required  to  make  an  Improved  assumption. 

SWATH  configurations  selected  for  this  study  were  chosen  to  be 
representative  of  current  design  practice.  Three  parent  hulls  were 
selected  from  a recent  parametric  study  (reference  (1)). 

Characteristics  of  the  parent  forms  are  given  in  Table  1.  Sketches 
of  the  three  configurations  are  shown  in  Figure  1.  It  should  be  noted 
that  present  computer  programs  cannot  model  the  complex  hull  shape  of 
the  multistrut  shown  in  Figure  1.  Instead,  an  approximation  to  the 
hull  shape  was  used.  This  equivalent  form  consisted  of  a 180  foot 
parabolic  tail  section  and  a 180  foot  elliptical  nose  section.  The 
maximum  hull  diameter  and  draft  were  selected  to  provide  hull  and  strut 
volumes  in  the  equivalent  hull  equal  to  those  in  the  parent  form. 
Characteristics  of  the  equivalent  multistrut  are  shown  in  Table  1.  A 
sketch  of  the  equivalent  is  also  shown  in  Figure  1. 

The  proportions  of  these  parent  forms  were  Froude  scaled  to  displace- 
ments of  2000,  5000,  10,000,  and  20,000  tons.  Box  height  and  box  clearance 
were  held  constant  at  14  feet  and  20  feet  respectively. 

All  of  the  configurations  generated  in  this  manner  have  one  interior 
deck  in  the  box  and  an  inner  bottom.  Twin  deck  variants  of  the  20,000 
ton  configurations  were  also  examined. 
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TABLE  I 


Parent  Form  Characteristics 


Thin  Single 

Thick  Single 

Multi 

Equivalent 

Strut 

Strut 

Strut 

Multi-Stru 

Hull  Length  (ft) 

400 

400 

360 

360 

Maximum  Diameter  (ft) 

19.3 

18.4 

25 

22.6 

Prismatic  Coefficient 

0.7 

0.7 

0.5 

0.6 

Draft  (ft) 

33.8 

32.2 

37.8 

36.7 

Diameter  Ratio 

1.0 

1.0 

2.1 

1.0 

Strut  Length  (ft) 

326 

287 

110 

110 

Thickness  (ft) 

8 

11 

7 

7 

Waterplane  Coefficient 

0.75 

0.75 

0.88 

0.88 

Strut  Gap  (ft) 

— 

— 

86 

86 

Displacement  (tons) 

6306 

6125 

6051 

6051 

Box  Clearance  (ft) 

20 

20 

20 

20 

Box  Length  (ft) 

275 

284 

233 

233 

Box  Width  (ft) 

99.2 

90.4 

117 

117 

Box  Height  (ft) 

14 

14 

14 

14 

GMT  (ft) 

10 

10 

10 

10 

GML  (ft) 

86 

84 

- 

- 

Waterplane  Area  (Sq.  ft) 

3913 

4736 

- 

- 
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MULTI  STRUT 
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The  two  single  strut  parent  forms  were  selected  to  demonstrate  the 
effects  of  strut  thickness  and  waterplane  area.  Both  forms  have  roughly 
the  same  longitudinal  CM  and  transverse  CM  In  keeping  with  DTNSKDC 
recommendat ions  (reference  (1)).  However,  the  thick  strut  form  requires 
20  percent  more  waterplane  area  than  the  thin  strut  form  to  achieve 
these  metacentric  heights  and  the  thin  strut  is  forty  feet  longer  than 
the  thick  strut.  The  thick  strut  form  is  more  in  line  with  DTNSKDC 
seakeeping  guidelines  on  waterplane  area  than  the  thin  strut.  This 
variation  in  strut  form  is  particularly  interesting  since  the  side  load 
algorithms  presently  available  are  particularly  sensitive  to  strut 
length. 

The  multislrut  forms  have  a total  strut  length  of  306  feet  and  a 
box  length  of  233  feet.  The  two  assumptions  discussed  previously  result 
in  147  feet  of  the  box  structure  (63  percent  of  box  length)  being  effec- 
tive in  carrying  bending  loads.  Use  of  a centerwell  in  such  a concept 
would  result  in  more  box  structure  being  effective  in  bending.  However, 
added  weight  would  be  required  to  beef  up  structural  members  around  the 
well  to  keep  stresses  within  material  limits. 
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Section  3 
RESULTS 


The  parent  hull  configurations  and  their  geosyms  were  used  as  input 
io  the  computer  program.  Data  calculated  include  predicted  side  load  as 
well  as  weights  and  densities  for  box,  strut,  and  hull  primary  structure 
of  each  configuration.  Figure  2 shows  the  total  primary  structure  of 
the  single  strut  forms  plotted  against  side  load/displacement.  The  upper 
boundary  on  each  band  is  the  thin  strut  curve  and  the  lower  boundary  is 
the  thick  strut  curve.  Figure  3 is  a similar  plot  for  the  multistruL 
forms.  The  circles  on  both  plots  represent  the  predicted  side  loads  for 
the? different  configurations. 

For  single  strut  forms,  predicted  side  load  was  calculated  as: 
side  load/displace:  :;nt  **  (-0.5  + LBT)  xl) 


Where 

2 2/3 

L » 0.511  + 0.0038x  (strut  length)  / ( Di ^placement) 

2 2 / " 

B “ 0.9582  -i  0.0025  x (strut  CL  separation)  / (Disp.’  cecent) 

2 2/3 

T **  0.3245  + 0.1905  x (draft)  /(Displacement)  ' 

D " 1.43  - 0.0995  xLn  (Displacement/1000) 

The  corresponding  multistrut  equation  is: 
side  load/displacement  =*  LBTD 


Where 

L - 0.5449  + 0.0215  x (FWD  STRUT  LENGTH  + AFT  STRUT  LENGTH)2/ 

4 x (Displacement)2^ 

2 2/3 

B “ 0.951  + 0.0006  x (strut  CL  separation)  /(Displacement) 

2 2/3 

T = 0.7731  1 0.0696  x (Draft)  /(Displacenientr'J 

D = 0.3707  - 0.0282xLN  (Displacement/1000) 

Clearly  in  all  cases,  cide  loads  have  negligible  effect  on  the 
structures  of  small  ships  for  the  range  of  side  load  investigated.  At 
2,000  tons  the  curves  are  flat.  At  5,000  tons,  structural  weight 
increases  for  6ide  loads  greater  than  about  one  times  displacement.  For 
larger  displacements,  structural  weight  increases  are  required  for 
smaller  side  loads.  This  trend  is  due  to  the  assumption  that  the  same 
minimum  scantlings  arc  used  for  all  sizes. 
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The  single  strut  curves  (Figure  2)  show  that  the  thick  strut  form 
is  generally  lighter  than  the  thin  strut  from.  This  is  particularly 
true  for  the  larger  sizes  where  the  effects  of  the  thin  struts  higher 
predicted  side  load  are  amplified  by  the  lower  structural  efficiency  of 
the  thin  struts. 

Figure  2 also  shows  that  the  structure  of  large  ships  with  two 
decks  will  probably  be  lighter  than  similar  single  deck  ships.  This 
trend  is  due  to  the  greater  structural  efficiency  of  the  deeper  two  deck 
boxes.  The  cross-over  for  20,000  ton  forms  occurs  for  a side  load  of 
about  0.75  times  displacement.  Predicted  side  loads  for  both  single 
strut  forms  are  greater  than  this  amount. 

»• 

Comparison  of  the  curves  in  Figure  2 and  Figure  3 shows  that  the 
structural  weights  of  the  single  strut  and  multi  strut  forms  studied  are 
generally  similar.  The  multi  strut  curves  show  a side  load  dependence 
at  somewhat  lower  values  than  the  single  strut  curves.  However,  the 
predicted  side  loads  are  somewhat  lower  for  the  multi  strut  forms.  As 
a result,  the  multi  strut  structural  weights  are  roughly  comparable  to 
those  of  the  thick  single  strut  forms  and  somewhat  lighter  than  the  thin 
single  strut  weights.  For  the  2000  ton  forms,  no  significant  structural 
weight  differences  can  be  observed. 

The  data  used  to  develop  Figures  2 and  3 and  the  hull,  strut,  and 
box  structural  weight  and  density  have  been  tabulated  in  Appendix  A. 
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Section  4 

CONCLUSIONS  AND  RB COMMENDATIONS 


. 


The  data  generated  cannot  be  used  to  determine  structural  weight 
for  a real  design.  However,  conclusions  regarding  trends  and  generalities 
which  can  be  reached  are: 

a.  Independent  trade-offs  of  seakeeping  performance,  resistance, 
or  structural  weight  will  be  inconclusive. 

b.  Dynamic  side  loads  are  more  important  for  large  ships  than 
for  small  ships. 

c.  Ships  with  long  thin  struts  will  have  heavier  structure 
than  similar  ships  with  short  thick  struts. 

Also,  several  recommendations  can  be  made  based  on  the  experience 
gained  during  this  study. 

a.  Validity  of  existing  side  load  algorithms  should  be  ascertained 
for  long  slender  forms. 

b.  Structural  studies  should  eventually  address: 

(1)  the  amount  of  effective  box  material  in  bending  for 
realistic  box/strut  combinations, 

(2)  the  amount  of  effective  strut  material  in  bending 
for  realistic  strut  shapes  and  sizes. 

c.  Design  methods  for  wells  should  eventually  be  developed. 

d.  Structural  design  methodology  for  complex  hull  shapes 
eventually  should  be  developed. 
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1*20.009 

250*. 011 

1010.917 

0120.022 

52  lo.  72* 

6100.010 

7090. »u0 

STRUT  WEIGHT 

*95.201 

995.201 

900.010 

1*00.  *0) 

1100.091 

1260.720 

ISTO.OAI 

1090.606 

10.1.160 

HULL  HCIGiT 

1071.799 

1071.799 

1071.799 

1071.799 

1071.799 

1071.799 

1071. 799 

1073.799 

1073.799 

TOTAL  NCI6HT 

01*7.  121 

0107.121 

01*7.09* 

• 021.112 

0*17. OtO 

7059.100 

*0*5.20* 

9111.119 

1*101.09* 

RL.01ALH.CP.T0 

•AG.ALUHS 

591.000 

27.290 

.TOO 

1.7*0 

20.000 

1.000 

XtS.  ITHTS.ChP,  STGAP  o20, 

.OJ*  10 

.10* 

.751 

ILCnG.hIOT H.HIHHR.OCCXII 1 

.tcCKiei  .oeexm  020.0** 

1)0. 10* 

0.000 

11. CO* 

10.909 

l.lll 

•OX, STRUT. HULL. 

TOTAL  VOLUME*  1151720.  021097.  0*50*1,  2250*20. 

OISP*  1*90*. 

PRCOicrco 

SIOC  LOAO*  .91* 

SIOC  10X0 

*.  ooo 

.2*0 

.*0* 

• 796 

1.000 

1.250 

1*500 

1.759 

2.000 

box  OCNSITT 

1.952 

1.9*2 

3.9*2 

%•  • 9% 

0.0*7 

5.155 

A.  2*1 

7.207 

0.110 

STRUT  O'NSITf 

5.077 

5.077 

*•  102 

9.991 

A. 10* 

0.700 

7.110 

7.90) 

0.97) 

HULL  OCH.llr 

0.  79* 

0.790 

0.790 

6.790 

A. 79* 

0.790 

0.79* 

0.7  9* 

0.79* 

TOTAL  OCNSITT 

0. 770 

0.770 

0.770 

%.9%6 

*.21* 

9.910 

0.5*0 

7.2*7 

7.920 

•OX  HCIGHT 

2)00.775 

21*0.72* 

2)00.72* 

2 % 70. • 19 

20*9.001 

1241.071 

1 T 90 . 500 

0109.101 

0900.170 

STRUT  HCIGHT 

995.  201 

9*5.201 

900.010 

!•%%. 903 

1100.091 

1260.720 

1170.001 

1090.0*0 

loii.ioo 

HULL  HEIGHT 

1071.799 

1071.799 

1073.799 

1 %73. 799 

1071.799 

1071.799 

1071.799 

1073.799 

1073.7  99 

TOTAL  HEIGHT 

0*11.  7A5 

0011.709 

0*10.5)0 

6909. 121 

92*1.491 

9900.190 

0000. 910 

M1T.92A 

7995. IS* 

STRUCTURAL  WEIGHT  DATA 
THICK  SINGLE  STRUT 


I 


il.oialh.cp.to 

•AG.ALUHS 

771.000 

13. 170 

• 7 00 

1.791 

2. .10. 

i.  ..• 

IL5.lTNWS.CwP .STOAP 

0 JO  s. 

460 

750 

iLCNG.Mior  H.HiNN^.oe  c<  u » , 

GCCKI2I .OeCAIJl  100.000 

67.700 

6. MO 

1..000 

«.••• 

Mil 

MX.STAUT.MULL, 

util  VOLUME*  17.106.  96121.  92.66.  2*6979. 

OI..*  2.01. 

prcoicico 

SIOc  LOAO * 

1.967 

HOC  LOAD 

0.  QtQ 

• 250 

.900 

.79. 

1.000 

1.250 

1.900 

1.790 

t.lll 

mi  oensity 

S«  it  I 

5.10  J 

9.161 

9.161 

5.163 

5.163 

9.161 

9.1  S 1 

9.161 

sum  ocnsiiv 

Hr  Z 44 

ii.  Zb  w 

11.266 

11.266 

11.315 

11.410 

11. 717 

12.191 

12.709 

HULL  DENSITY 

7.92/ 

7.927 

7.927 

7.927 

7.927 

7.927 

7.927 

7.927 

7.927 

IOTAl  0CNS1IV 

4.4J0 

6.030 

6.610 

6.61. 

6.043 

6.061 

6.926 

7.01* 

7.10* 

Ml  HEIGHT 

UI.Mft 

410.684 

610.6*6 

610.6*6 

410.606 

410.606 

610.6.6 

610.6*6 

611.6*6 

STRUT  HEIGHT 

2/2.4 69 

272.609 

272.6.9 

272.6.9 

274.390 

276.696 

2*6.66* 

299.662 

30. .109 

HULL  HEIGHT 

it A. Zb i 

104.261 

166*261 

1*6.261 

104.261 

104.261 

1.6.261 

M6.261 

1*6.261 

TOTAL  HEIGHT 

447.434 

067.636 

•67.616 

•67.616 

069.344 

071.643 

• 79.9*6 

901.191 

IL.OIALH.CP.TO 

, AG, ALUMS 

570.000 

17.060 

.70* 

1.790 

20.000 

l.lll 

XLS.XTNVS.CmP.STGAP  102. 

000  7. 

400  • 

791 

ILEH6 i H IOFn.H INN*. UCC Kilt 

CECXI2I  .DECKS!  299. *00 

91. *0* 

4.000 

SO. 000 

*.*•* 

l.ltl 

*01 .STRUT .HULL* 

TOTAL  VOLUME*  127726.  111967.  129772.  S69669. 

OISP*  6991. 

PRCOICICO 

SIOC  LOAO- 

1.470 

S10E  LOAO 

0.  000 

• 250 

• 500 

.79* 

1.000 

1.29* 

1.9*1 

1.79* 

2.09* 

BOX  OEM  SI T T 

4.909 

4.989 

4.909 

6.9*9 

6.9*9 

9.29* 

9.966 

9.177 

6.690 

STRUT  OEMS  ITT 

0.653 

0.653 

0.653 

0.711 

9.077 

9.66* 

10.299 

10.997 

11.721 

HULL  DENSITY 

7.020 

7.020 

7.020 

7.12* 

7.12* 

7.02* 

7.02* 

7.02* 

7.02* 

total  OENSITY 

6.174 

6.174 

6.174 

6.1*9 

6.297 

6.92* 

6.010 

7.166 

7.661 

Ml  height 

729.934 

729.934 

729.934 

729.916 

729.916 

76*. *6* 

• 16.1*9 

• 99.I09 

969.66* 

strut  HEIGHT 

432.440 

432.440 

432.440 

616.196 

691.669 

6*2.166 

916.716 

969.966 

969.196 

HULL  HEIGHT 

407.177 

407.177 

407.177 

6*7.177 

6*7.177 

607.177 

6*7.177 

607.177 

607.177 

total  HEIGHT 

1509.559 

1569.559 

1569.559 

1971.667 

1991.799 

1697.191 

17 16. 2*1 

1*16.969 

1962.69* 

XL.OIALH.CP.TO.AG*  ALUMS  666.00*  22.900 

.71*  1.79* 

2l.lt* 

1.  II* 

XLS.XTNVS.CmP.STGAP  190.  010  9. no 

XLEMG,»IOTm,MINNR,UEC««1I  .DEC  1121  .OECKI!) 

.79* 

121. *01  119. 7*0 

6.*lt 

11. Ill  (.SO* 

o.ooo 

BOX  .STRUT, HULL. 

total  VOLUME*  919996.  1961*9.  299199.  97966*. 

OISP*  9979. 

PREOICTtO 

SIOC  LOAO-  1.347 

SI3E  LOAO 

1.  060 

.29* 

.9(0 

.79* 

1.001 

1.290 

1.900 

1.790 

2.00* 

MX  DENSITY 

6.992 

6.992 

6.992 

9.129 

9.1*2 

7.161 

*.6*6 

11.211 

11.779 

STRUT  OEMS  ITT 

7.  127 

7.127 

7.119 

7.966 

(.276 

9.076 

9.919 

10.790 

11.677 

HULL  DENSITY 

6.  *7* 

6. *7* 

6.  *71 

6.  *70 

6.  *7* 

6.179 

6.170 

6.97* 

6.170 

TOTAL  OENilTV 

9.921 

9.921 

9.921 

6.1*1 

6.629 

7.697 

*.691 

9.669 

10.691 

601  HEIGHT 

119*.  *17 

119*. *17 

119*. *17 

1216.  •*• 

1169.299 

1697.697 

2*16.  119 

2176.761 

2711.361 

STRUT  HEIGHT 

621.96* 

621.96* 

629. *12 

662.19* 

726.1*1 

796.61* 

*6*. 606 

966.62* 

1*22.292 

HULL  HEIGHT 

799.91* 

799.91* 

799.91* 

799.91* 

799.91* 

799.911 

799.91* 

799.91* 

799.91* 

TOTAL  HEIGHT 

2971.299 

297*. 299 

2979.1*7 

2*96.617 

21*9.219 

1267.669 

16*0.  *61 

6116.9*7 

6991.191 

XL.CIALH.CP.TO 

, ag, alums 

9*7. 0*0 

2*. 16* 

.71* 

1.7  9* 

2I.I0I 

1.1*1 

XLS.XTNVS.CHP.STGAP  679. 

.000  11 

.790 

.79* 

ileng.hioth.hinnr.cecxiii. 

.DECK  <21 .DECK  111  606.00*  166.0*0 

6.000 

11.0*1 

*.*•( 

l.lll 

SOX, STRUT, hull. 

TOTAL  VOLUME*  *29776.  16*29*.  9111*1.  1692699. 

OISP*  1991*. 

PREUICTEO 

SIOE  LOAO*  1.1*9 

SIDE  LOAC 

1.01.0 

.290 

.90* 

.7*0 

1.10* 

1.290 

1.901 

1.790 

2.00* 

•OX  OEHSITV 

6.1*2 

6. *12 

9.917 

7.90* 

18.262 

12.976 

19.71* 

18.666 

21.171 

STRUT  DENSITY 

6.111 

6.111 

6.996 

7.669 

(.621 

9.667 

1Q.6*« 

11.911 

12.9(0 

HULL  OENSITY 

6.  *6* 

6. *6* 

6.161 

*.*6* 

6. *6* 

6.(6* 

6.  *6* 

6.  *6* 

6. *60 

TOTAL  OENiITT 

9.776 

9.776 

6.166 

7.291 

*.*29 

10.170 

11.91* 

11.667 

19.017 

•OX  HEIGHT 

1799.761 

1799.761 

2(11.7*2 

2767.669 

1779.916 

67*1.626 

9791.116 

6799.2*6 

7107.097 

STRUT  HEIGHT 

9*1.206 

961.2*6 

1029.992 

119*. 197 

1109.722 

166*. *72 

1630.(22 

1791.26  2 

1999.971 

HULL  HEIGHT 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

TOTAL  HEIGHT 

6161. 966 

6161.966 

6662. 191 

99*1.  76* 

666*. 196 

7*19.219 

9*09.076 

1*179.6*6 

11166 .((9 

XL.OIALM.CP.TO 

, AG, ALUMS 

9*7. *0* 

2*. 16* 

.71* 

1.79* 

-2*.  10* 

l.lll 

XLSsXTMVS.CMt  .STGAP  4/9. 

....  11 

.791 

.79* 

XLCNG.rt  lor H.NINNP.OICK II  1, 

lUEOI  121  .OECXI1I  6*6. 1*1  166. **C 

6. Ill 

It.  Cl* 

A3. II* 

*.*•( 

•OX. STRUT, HULL. 

TOTAL  volume*  1619616.  16*291.  91*l*t.  22*2299. 

OISP*  1991*. 

PRCOICICO 

SIOC  LOAO 

■ 1.109 

SIOE  LOAO 

0.  000 

.29* 

.10* 

.79* 

1.1*1 

1.291 

1.902 

1.79* 

2.301 

•Ox  OENSITY 

3.095 

1 •*  96 

1.196 

6.196 

6.979 

9.999 

6.917 

7.919 

(.691 

STRUT  DENSITY 

4.  311 

6.111 

6.996 

7.669 

1.621 

9.667 

10.61* 

11.911 

12.910 

HULL  OENSITY 

4.  040 

6. *60 

6.160 

6. *6* 

6. *6* 

6. *6* 

6.160 

6.16* 

6.(60 

TOTAL  OENSITY 

4.933 

6.911 

6.976 

9.210 

9.679 

6.661 

7.209 

7.979 

1.761 

•OX  HEIGHT 

<441.954 

2661.996 

2661.9*6 

29*7.629 

2*96.(91 

1911.116 

6111.229 

6769.116 

9167.601 

STRUT  HEIGHT 

941.104 

9*1. 2*6 

1*29.992 

111*. 197 

11*9.722 

166*. *72 

1613.122 

1791.262 

199r.971 

MULL  HEICHT 

1542.937 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

19*2.917 

TOTAL  HEIGHT 

9424.174 

*126.17* 

9*71.661 

9121.921 

97*6.711 

6966.96* 

7166.9*6 

• 129.911 

•906.111 

1 


STRUCTURAL  WEIGHT  DATA 
THIN  SINGLE  STRUT 


XL.CIALM.Cf *TO 

• AG  t AL  UNS 

269.000 

15.650 

• 600 

1.620 

20.000 

1.  000 

XLG.AFNVS.CMP  .ST'oAP  7 6. 

000  6. 

060 

• 000 

Kl  ENG,  MILT  H.HlNNR.OfcCMlI  , 

0ECKI2)  tOECK(S)  161.000 

01.000 

6.000 

10.000 

0.000 

eOX.ATRUT.HULL. 

TOTAL  VOLUHE*  10  2 9 76.  19  6 9 9 . 9 7 6 79  . 2 79  911. 

01 SP=  2001. 

PREDICTED 

SIOE  LO AO* 

.979 

siut  LO*n 

0.  0 j 0 

• 250 

.*09 

.750 

1.000 

1.250 

1.500 

1.750 

OCX  DENSITY 

5.  IFF 

5.177 

5.  177 

5.177 

5.177 

5.276 

5.662 

5.639 

STRUT  DENSITY 

10.629 

10.629 

10.659 

19.727 

11.039 

11.666 

11.099 

12.370 

HULL  OENSITY 

6.  066 

6.006 

9.996 

9.996 

0.006 

0.006 

0.0  06 

0.0  06 

TOT 9L  DENSITY 

6.530 

6.530 

6.  516 

6.563 

6.507 

6.707 

6.092 

7.076 

BOX  HEIGHT 

621.966 

621.966 

621.999 

621.966 

621.966 

630.000 

665.205 

659.573 

STRUT  HEIGHT 

102.697 

102.697 

193.999 

166.163 

109.535 

196.516 

206.296 

212.530 

HULL  HEIGHT 

20F.63F 

207.637 

297.637 

2(2.632 

207.637 

207.637 

207.637 

207.637 

TOT  XL  HEISHT 

011.099 

011.099 

912.693 

913.996 

010.937 

033.951 

056.935 

079.560 

XL.0IALH.CP.TD 

«AG . AL  UHS 

330.000 

21.260 

.690 

1.620 

20.000 

1.  000 

1 1 

XLStXTNVStChP tSTGAP  103. 

000  6. 

529 

.999 

fleng.m  ior  h.h  innr. of  ckf i i , 

0ECKI2)  .OECKIli  219.999 

110.000 

6.000 

10. 000 

0.000 

BOX .STRUT, HULL. 

TOTAL  VOLUME*  337260.  79009.  163713.  559902. 

OISP*  9092. 

PREOICTEO 

SIOE  LOAO* 

• 662 

SIGE  LOAD 

0.  060 

• 250 

.500 

.750 

1.000 

1.250 

1.500 

1.750 

BOX  0ENSITY 

6.95  0 

6.950 

6.959 

5.276 

5.736 

6.907 

7.079 

0.952 

STRUT  CELS  I T Y 

0.265 

S.265 

9.319 

9.735 

9.250 

9.923 

10.610 

11.00  0 

HULL  OENSITY 

7.  363 

7.363 

7.363 

7.363 

7.363 

7.3*3 

7.  363 

7.363 

total  density 

6.036 

6.036 

6.066 

6.295 

6.666 

7.370 

0.099 

0.029 

BOX  HEIGHT 

766.520 

766.520 

766.929 

796.635 

063.366 

1926.962 

1106.320 

1367.790 

strut  HEISHT 

290.023 

290.023 

293.605 

309.999 

326.560 

366.691 

367.173 

300.20  3 

HULL  HEIGHT 

671.005 

671.005 

671.095 

671.095 

671.005 

671.095 

671.005 

671.005 

TOTAL  HEISHT 

1500.620 

1500.620 

1511.911 

1573.619 

1660.909 

1962.699 

2026.570 

2207.166 

XLbOIALH.CP.TO.AG.ALUMS 
XLS'XTNVS.CMP.STGAP  130. 

626.000 
000  A 

26.750 
• 270 

.600 

• ooo 

1.620 

20.000 

1.990 

XLENG.hTOFH.HINNR.DECKTI) . OECK (2  T .0ECKT3)  275.090  139.  900  6.099 

BOX, STRUT, HULL. TOTAL  VOLUME*  531300.  139651.  297295.  957065. 

0I»P*  1000  2.  PREDICTED  SIOE  LOAO*  .619 

19. 000 

0.909 

SiuE  LOAO 

0.000 

.250 

.501 

• 750 

1.009 

1.250 

1.500 

1.750 

BOX  OENSIIT 

6.  933 

6.933 

5.653 

7.090 

9.979 

19.966 

12.755 

16.663 

STRUT  OENSITT 

6.769 

6.766 

7.(95 

7.601 

9.335 

9.006 

9.679 

19.356 

MULL  OENSITT 

7.399 

7.399 

7.399 

7.399 

7.399 

7.399 

7.399 

7.399 

TOTAL  OENSITT 

5.  936 

5.936 

6.273 

7.260 

0.611 

9.556 

11.702 

11.969 

BOX  HEIGHT 

1170.166 

1170.166 

1293.623 

1601.669 

2129.511 

2577.373 

3925.235 

1673.997 

STRUT  HEISHT 

617.111 

61. .Ill 

637.909 

676.773 

515.165 

556.636 

599.273 

639.976 

HULL  HEIGHT 

969.976 

966.976 

969.976 

960.976 

969.926 

969.976 

969.976 

969.976 

TOTAL  HEISHT 

25  36.231 

2536.231 

2669.396 

3105.390 

3593.632 

6992.995 

6 9 72.69  3 

5962.169 

XL  tOIALH.CP.TOi 

AG. ALUMS 

536.000 

33.709 

• 600 

1.629 

20.000 

1.991 

XLS.XTNVS.CMP.STGAP  16<o. 

000  10. 

629 

000 

XLENG.MIOTH.HIHNP. OECKIli. 

0ECKT2I  .OECKI3I  367.009  176.009 

4.000 

11.(09 

0.909 

BOX, STRUT, HULL, TOTAL  VOLUME*  965292.  26*Q«o.  573216.  1666996. 

GISP*  19993. 

PKEOICTEO 

SIOE  LOAO* 

i .39- 

SIOE  LOAO 

0.  000 

.250 

.500 

.750 

1.0(0 

1.250 

1.500 

1.750 

BOX  OENSITY 

4.  67  9 

5.253 

9.970 

11.621 

16.771 

19.121 

21.672 

26.922 

STRUT  OENSITY 

fc.  033 

6.975 

6.710 

7.659 

9.229 

9.99  3 

9.762 

10.511 

HULL  DENSITY 

7.720 

7.726 

7.726 

7.726 

2.726 

2.226 

7.226 

7.7  26 

TOTAL  DENSITY 

0.  035 

6.227 

7.251 

9.562 

11.175 

11.199 

15.193 

16.117 

BOX  HEIGHT 

1000.921 

1992.669 

3165.996 

6199.666 

55  73.976 

6939.266 

9102.  556 

9166.166 

STRUT  HEIGHT 

002. 520 

962.191 

236.911 

619.133 

962.696 

966.669 

1929.129 

1156.266 

HULL  HEIGHT 

1970.702 

1929.762 

1970.262 

1976.262 

1926.762 

1976.762 

1929.762 

1979.262 

TOTAL  HEISHT 

0000.109 

6629  . 3(9 

9761.966 

7192.9(9 

66(9.699 

9693.666 

11151.625  ; 

12699.913 

XL.OIALH.CP.TO 

.AG. ALUMS 

536.999 

33.709 

.909 

1.620 

21.900 

1.1M 

— 

XLS.XTN VS.CMP.STGAP  164 

.900  19 

.621 

.019 

XLENG.MlOTh.HlNNR.OECKIl  1 

.OECK  (21  .OECKI3I  367.099  176.999 

6.999 

19.099 

19.999 

BOX , STRUT, HULL# TOT A L VGLUHE*  1669072.  269999.  923216.  2299276. 

CISP*  19993. 

PREOICTEO 

SIOE  LOAO 

* .39» 

SIDE  LOAO 

9.900 

.250 

.999 

.759 

1.900 

1.259 

1.509 

1.259 

6DX  OENSITT 

3.903 

3.903 

6.217 

(.669 

6.662 

7.936 

9.911 

11.22  6 

STRUT  OENSITY 

6.033 

6.979 

6.719 

7.659 

6.221 

1.993 

9.  767 

10.511 

HULL  OENSITY 

7.726 

7.726 

7.729 

7.726 

7.729 

7.729 

2.726 

7.229 

TOTAL  OENSITT 

9.191 

5.195 

9.329 

6.262 

2.967 

2.932 

6.  226 

9.521 

BOX  HEIGHT 

2526.672 

2526.622 

2727.(19 

2926.156 

6296.719 

9969.196 

(661.662 

6613.997 

STRUT  HEIGHT 

662.526 

667.9  95 

736.911 

619.111 

992.696 

966.666 

1676.126 

1196.269 

HULL  HEIGHT 

1926.762 

1979.762 

1(76.762 

1926.762 

1976.762 

1926.262 

1(79.762 

1979.762 

TOTAL  HEISHT 

9169.966 

9179.999 

>661.999 

6122.229 

7176.1(6 

6916.106 

9991.02 

9766.166 

• .000 


2.000 
f .tor 
12.075 

I.IM 

r.zti 

673.367 
221.002 
20T .637 
911.  tM 


9.119 


2.009 
10 . 0 26 
11.610 
r.jti 
9.169 
1999.226 
669.911 
621.909 
2199.921 


9.990 


2.000 

16.9)1 

11.919 

2.199 

12.996 

1929.999 

691.212 

969.926 

9991.692 


9.999 


2.000 
29.172 
11.279 
7.726 
19.611 
10611.116 
1219.191 
1929.762 
119W. 979 


9.999 


2.909 

11.619 

11.279 

2.726 

19.669 

7196.211 

1219.191 

1979.762 

19691.169 


STRUCTURAL  WEIGHT  DATA 
MULTI  STRUT 


r 


I)  I ST  K I BUT  ION: 

DDC  (3) 

DTNSRDC  (Codes  117  & 1730) 
NAVSEA  (SEA  0322) 

NAVSEC  (SEC  6110) 

(SEC  6110A) 

(SEC  6114)  (20) 

(SEC  6128) 

(SEC  6136) 


